Rat cell lines were established in which the bacterial chloramphenicol acetyltransferase (CAT) gene under control of the human immunodeficiency virus (HIV) long terminal repeat (LTR) was stably integrated. The cell lines showed a repressed phenotype for CAT expression, but could be induced for it by inhibition of protein synthesis, as well as by heat-shock and chemical inducers of the cellular stress response, such as sodium arsenite, 8-hydroxyquinoline and the heavy metals cadmium and copper. A decameric sequence present in the NF-kB binding sites in the HIV LTR (GGGACTTTCC) resembles the cellular heat-shock core sequence and may therefore be involved in the heat-shock response.
Human immunodeficiency virus (HIV), previously known as lymphadenopathy-associated virus (Barr&Sinoussi et al., 1983) or human T-cell lymphotropic virus type III (Popovic et al., 1984) is the aetiological agent of the acquired immune deficiency syndrome (AIDS). HIV infection is characterized by a prolonged period of latency, which may be followed by AIDS or AIDS-related complex (Goedert et al., 1986) . Progression to AIDS has been associated with the detection of HIV core antigen in serum Lange et al., 1986) indicating a role for enhanced HIV gene expression in the pathogenesis of HIV. HIV production can be induced in vitro in latently infected lymphocytes by agents that activate the cells to secrete lymphokines (phytohaemagglutinin and phorbol esters; Harada et al., 1986; Nabel & Baltimore, 1987) . Recently it has been shown using an in vitro model that cellular stress factors such as heatshock may be involved in the reactivation of latent cytomegalovirus (CMV) (Boom, 1987; Geelen et al., 1987) . As cellular stress factors may evoke a common induction mechanism in the reactivation of latent CMV and HIV, we decided to analyse the effect of heat-shock and other stress-related factors on the expression of the bacterial chloramphenicol acetyltransferase (CAT; Gorman et al., 1982) gene under control of the HIV long terminal repeat sequence (LTR) (pC15CAT; Arya et al., 1985) in stably transformed cell lines.
Stably transformed cells were established by cotransfection of the herpes simplex virus thymidine kinase gene (pAGO; Colbere-Garapin et al., 1979) and a 10-fold molar excess of pC15CAT to Rat-2TK-cells (Topp, 1981) . HAT selection (Littlefield, 1964) resulted in a number of HAT-resistant cell lines with a very low level of CAT expression, but which were inducible for CAT expression (see below). The genomic DNA of one of these cell lines (HIV-CAT-51) was analysed by Southern blotting using the purified CAT gene (HindlII-BamHI fragment; Fig. 1 b) . In the SacI digest eight DNA fragments could be detected. As SacI cleaves only once in pC15CAT, a minimum of eight integration sites were present. Most of the pC15CAT sequences are apparently arranged in a head-to-tail tandem repeat, as a supramolar unit-length fragment (6.0 kb) is observed after SacI cleavage. From the intensity of this fragment 0000-8191 © 1988 SGM . The marker lane (~ane 6) contained an EcoRI digest of pCISCAT at an equivalent of 10 copies per cell. The procedures for DNA isolation and analysis were as described previously (Boom et al., 1986) . (b) Restriction endonuclease cleavage map and organization of pC15CAT (Arya et al., 1985) . and the intensity of the marker fragments (lane 6; equivalent to 10 copies per genome) it could be estimated that at least 10 copies of unit-length pC15CAT were present per cell ( t,~ L~ construct was present in multiple intact copies per cell. Under normal growth conditions CAT activity in the cell extracts was very low. A large increase (10-fold over background level) in CAT activity, however, was observed when the cells were preincubated for 4 h with 50 ktg cycloheximide/ml and CAT activity was assayed 20 h after release from the block (Fig. 2) , in good agreement with a recent publication describing the transcriptional activation by protein synthesis inhibitors of the HIV LTR-directed CAT gene in other H/V-CAT cell lines (Vero and LTK-; Mosca et al., 1987) . Stress factors may be implicated in the reactivation of latent viruses. One cellular stress factor is heat-shock, which has been shown to result in the induction of cellular heat-shock proteins (Ashburner & Bonner, 1979; Burdon, 1986 ) and the transcriptional activation of the CMV major immediate early transcription unit stably transfected in Rat-2TK-cells (Geelen et al., 1987) . To analyse the effect of heat-shock on CAT activity, the cells were incubated for 15 rain at 42 °C, and the CAT activity was assayed 20 h after the heat-shock. As can be seen in Fig. 2 , a short period of hyperthermia resulted in a large increase (fivefold) of CAT activity in the HIV-CAT cells. Cellular heat-shock genes are activated not only by heat-shock, but also by a number of other seemingly unrelated stimuli, such as sodium arsenite and thiol agents (Ananthan et al., 1986; Ashburner & Bonner, 1979; Burdon, 1986; Zimarino & Wu, 1987) . Therefore a number of these agents were tested for their potential to induce CAT expression. To test the effect of arsenite on the induction of CAT activity, the cells were incubated for 2 h with sodium arsenite and CAT activity was assayed 20 h after incubation. As shown in Fig. 2 , incubation with sodium arsenite also resulted in a large increase in CAT activity in the HIV-CAT cells.
A variety of sutphydryl reagents, transition series metals and chelating agents have been reported to induce heat-shock proteins (Burdon et al., 1982) . Fig. 2 shows the effect of a selection of such agents on CAT activity. Treatment of the cells with Cu 2+ and 8-hydroxyquinoline resulted in a large increase of CAT activity (30 to 60 ~ conversion of chloramphenicol compared to a background of 1 ~o conversion in the untreated control), while incubation with Cd 2÷ and 1 ~o ethanol resulted in a much smaller increase (2 to 4 ~ conversion). In mock-treated cells and cells incubated with Na2SO4, virtually no induction was observed under the conditions tested. The response of the HIV LTR-driven CAT gene to heat-shock and heat-shock-related stress factors is probably mediated by DNA sequences in the regulatory region. Induction of cellular heatshock genes is mediated by cis-acting elements in their upstream regulatory regions, the heatshock elements (Pelham, 1985) . A considerable sequence similarity to the heat-shock element consensus sequence is found in the NF-kB binding sites in the HIV LTR (GGGACTTTC; Nabel & Baltimore, 1987) . Complete sequence similarity is found to an octameric sequence in the soybean heat-shock protein 17 heat-shock element (GGACTTTC; Schoffl et al., 1984) . The NF-kB binding site may therefore be involved in both the heat-shock response and the induction in activated T cells (Nabel & Baltimore, 1987) . Sequence similarity to the NF-kB binding site is also found in the major immediate early (IE) enhancer-promoter of human CMV (HCMV; Boshart et aL, 1985) . A similar response to heat-shock has recently been described for rat cell lines in which the major IE transcription unit of HCMV was stably integrated (Geelen et al., 1987) . Under normal growth conditions, virtually no expression was observed, but expression of IE antigens could be induced by inhibitors of protein synthesis, heat-shock and arsenite, comparable to the response observed for the HIV-CAT cell line.
Heat-shock genes and the HIV LTR-regulated CAT gene apparently respond to common stimuli. A direct role for the induced heat-shock proteins in the activation of the integrated CAT gene, however, cannot be excluded. A common control of early adenovirus genes and heat-shock genes has been suggested, although the viral genes were not inducible by heat-shock (Imperiale et al., 1984) .
Our observation that heat-shock and other cellular stress factors could result in the activation of viral genes not expressed under normal growth conditions would indicate that cellular distress may be an important factor in the reactivation of latent viruses such as HIV and CMV.
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